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Symbols, Abbreviations and Acronyms

ACRV Advanced crew recovery vehicle

ACS Attitude control system

AFE Acrobrake Flight Experiment

A&l Attachment and integration

Al Aluminum

ALARA As low as reasonably achievable

ALS Advanced Launch System

ALSPE Anomalously large solar proton event

am Atomic mass (unit)

AR Area ratio

ARGPER Argument of perigee

ARS Atmospheric revitalization system

art-g Arntificial gravity

asc Ascent

ASE Advanced space engine

AU Astronomical Unit (=149.6 million km)

BIT Built-in test

BITE Built-in test equipment

BLAP Boundary Layer Analysis Program

BFO Blood-forming organs

BMR Body mounted radiator

C Degrees Celsius

CAB Cryogenic/acrobrake

CAD/CAM  Compter-aided design/computer-aided manufacturing

CAP Cryogenic all-propulsive

G Drag coefficient

CELSS Closed Environmental Life Support System

CHC Crew health care

CG Center of gravity

CL Lift coefficient

cm Centimeter = 0.01 meter

¢/m Crew module

o Center of mass

c/o - Checkout

CofF Cost of facilities

conj Conjunction

COSPAR Somnw on Space Rescarch of the International Council of Scientific
nions

02 Carbon dioxide

Cryo Cryogenic

Cc3 Hyperbolic excess velocity squared (in km?/s?)

C&T Communications and Telemetry

cTvV Cargo Transport Vehicle (operates in Earth orbit)

d days

DDT&E Design, development, testing, and evaluation

DE Dose equivalent

deg Degrees

desc Descent
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DMS Data management system

dv Velocity change (AV)

EA Earth arrival

E arr Earth arrival

Ec Modulus of elasticity in compression

ECCV Earth crew capture vehicle

ECWS Element control work station

ECLSS Environment control and life support system

EP Electric propuision

ESA European Space Agency

€.5.0. Engine start opportunity

ET External Tank

ETO Earth-to-orbit

EVA Extra-vehicular activity

Fe _ Circulation efficiency factor

FD&D Fire Detection and Differentiation

Few Life support weight factor )

FEL First element launch

Fr Specific floor count factor

Fra Specific floor area factor

Fi Acrobrake integration factor

Fi Specific length factor

Fn Normalized spatial unit count factor

Fo Path options factor

F Useful perimeter factor

l"p Parts count factor

Fpi Proximity convenience factor

Ffp Plan aspect ratio factor

Frs Section aspect ratio factor

FSE Flight support equipment

Fs Vault factor

Fss Safe-haven split factor

Fy Spatial unit number factor

Fy Volume range factor

FY88 Fiscal Year 1988 (=October 1, 1987 to September 30, 1988. Similarly for
other years)

g Acceleration in Earth gravities (=acceleration/9.80665my/s2)

GCNR Gas core nuclear rocket

GCR Galactic cosmic rays

GEO Geosynchronous Earth Orbit

GN2 Gaseous nitrogen

GN&C Guidance, navigation, and control

GPS Global Positioning System

Gy Gray (SI unit of absorbed radiation energy = 104 erg/gm)

hab Habitation

HD High Density

HEI Human Exploration Initiative (obsolete for SEI)

HLLV Heavy lift launch vehicle

hrs Hours
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hyg w
HZE

ICRP

LTVCM

[MarsGram
[MARSIN
MASE
MAV

Hygeine water

High atomic number and energy particle
Hydrogen

Water

International Commission on Radiation Protection
Initial mass in low Earth orbit

Inches

Inbound

Implementation Plan and Element Description
Independant research and development

Specific impulse (=thrust/mass flow rate)

In-situ resource utilization

Japan Experiment Module (of SSF)
Johnson Space Center

klb

Thousand electron volt

Kilograms

Kilopounds (thousands of pounds. Conversion to SI units=4448 N/klb)
Kilopound force

Kilometers

Kilometers

Kilometers per second

Kilometers per second

Kilopounds per square inch

Life cycle cost

Lift-to~drag ratio

Low density

Long duraton mission

Low Earth orbit

Linear energy transfer

Lunar excursion vehicle

Lunar excursion vehicle crew module

Space Exploration Initiative project office, Johnson Space Center
Liquid hydrogen

Lithium hydroxide

Low Lunar orbit

Lunar Module

Lunar orbit rendezvous

Liquid oxygen

Lunar surface

Lunar transfer vehicle

Lunar transfer vehicle crew module

Lagrange point 2. A point behind the Moon as seen from the Earth which
has the same orbital period as the moon.

Meters

Western Union interplanetary telegram]

Martian pornography]

Mission analysis and systems engineering (same as Level D q.v.)
Mars ascent vehicle
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M/CpA Ballistic coefficient (mass / drag coefficient times area)

MCRV Modified crew recovery vehicle

Me Mass of electron

MEQOP Maximum expected operating pressure
MeV Million electron volt

MEV Mars excursion vehicle

MLI Multi-layer insulation

mm Millimeter (=0.001 meter)

MMH Monomethylhydrazine

MMV Manned Mars vehicle

MOC Mars orbit capture

MOI Mars orbit insertion

mod Module

M&P Materials and processes

MPS Main propulsion system

MR Mixture ratio

m/sec Meters per second

MSFC Marshall Space Flight Center

Msi Million pounds per square inch

mt Metric tons (thousands of kilograms)

mT Metric tons

MTBF Mean time between failures

MIV Mars transfer vehicle

MWe Megawatts electric

m3 Cubic Meters

N Newton. Kilogram-meters per second squared
n/a Not applicable

NASA National Aeronautics and Space Administration
NCRP National Council on Radiation Protection
NEP Nuclear-electric propulsion

NERVA Nuclear engine for rocket vehicle application
NTP Nuclear thermal propulsion ( same as NTR)
NSO Nuclear safe orbit

NTR Nuclear thermal rocket

N204 Nitrogen tetroxide

OSE Orbital support equipment

OTIS Optimal Trajectories by Implicit Simulation program
outb Outbound

o2 Oxygen

PBR Particle bed reactor

Pc Chamber pressure

PEEK Polyether-ether ketone

PEGA Powered Earth gravity assist

P/L Payload

POTV Personnel orbital transfer vehicle

pot w Potable water

PPU Power processing unit

prop Propellant

psi Pounds per square inch

PV Photovoltaic
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SAA
SAIC
SEI
SEP

SiC
SMA
sol
SPE
SRB
SSF
SSME
STCAEM
stg
surf
Sv

S1

S2

S3

TBD
Te
TCS

t.f.
THC

T™IS
TPS
TT&C
W

UN-W/25Re
VAB
Vinf

Heat flux (Joules per square centimeter)
Radiation quality factor

Right ascension of ascending node
Reaction control system

Reynolds number

Radio frequency

Resupply mass in low Earth orbit
Return on investment

Revolutions per minute

Relative wind angle

Research and Development
Rendezvous and dock

South Atlantic Anomaly

Science Applications International Corporation

Space Exploration Initiative

Solar-electric propulsion

International system of units (metric system)

Silicon carbide

Semimajor axis

Solar day (24.6 hours for Mars)

Soalr proton events

Solid Rocket Booster

Space Station Freedom

Space Shuttle Main Engine

gpace Transfer Concepts and Analysis for Exploration Missions
mge

Surface

Sieviert (SI unit of dose equivalent = GyxQ

Distance along acrobrake surface forward of the stagnation point

Distance along acrobrake surface aft of the stagnation point

Distance along acrobrake surface starboard of the stagnation point

Metric tons (1000kg)

To be determined

Chamber temperature

Thermal control system
Trans-Earth injection
Trans-Earth injection stage
Tank weight factor

Temperature and humidity control
Trans-Mars injection
Trans-Mars injection stage
Thermal protection system
Tracking, telemetry, and control
Thrust to weight ratio

Uranium nitride - Tungsten/25% Rhenium reactor fuel
Vehicle Assembly Building

Vapor coolled shield
Velocity at infinity
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WBe2C/B4C  Tungsten beryllium cabide/Boron cabide compositt;

Waste management system
W/O Without
WP-01 Work package 1 (of SSF)
w/sq cm Watts per square centimeter (should be Wem-2)
YA Atomic number
Zero g An unaccelerated frame of reference, free-fall

[order: numbers followed by greek letters]

100K <100,000 particles per cubic meter larger than 0.5 micron in diameter
n7 Where n=(0,2-6): Boeing Company jet transport model numbers

% Kelvin (K)

+e Positive charge equal to charge on electron

< Charge on clectron

AV Change in velocity

S Standard deviation

ug Microgravity ( also called zero-gravity)
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I. Evolution of the Concept

A. Reference Concept Development
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I. Evolution of the Concept

During the 90 Day Study, NASA's two Office of Space Flight (Code M) Space Transfer Vehicle
(STV) contractors supported development of SEI lunar transportation concepts. This work treated
lunar SEI missions (and evolution to the support of later Mars missions) as the far end of a more

near-term STV program, most of whose missions were satellite delivery and servicing

requirements derived from Civil Needs Data Base (CNDB) projections. STCAEM's contribution
to that effort focused mainly on crew system design, since this was recognized as offering potential
for commonality with crew cab design for Mars excursion vehicles (MEVs).

Later, STCAEM began to address the complete design of a lunar transportation system.
Because of our Mars concept experience, our perspective was particularly sensitive to evolutionary
systems; the approach of looking back from a Mars mission perspective is thus complementary to
that of the paralle] NASA studies. Our effort was guided by attention to two broad drivers. First
were precisely those technical requirements whose resolution had proved so intractable for earlier
concepts:

1) State-of-the-art understanding of constraints imposed by the detailed geometry of
aerobraking upon Earth return: non-symmetrical relative wind configurations for lifting flight
profiles; off-axis placement of composite mass-center (CM); and changing mass-balance conditions
due to sequental propellant expulsion.

2) The need to accommodate "mixed" payloads in a reasonable lunar exploration program:
versatility in the delivery of a wide variety of heavy-cargo payload manifests, rarely if ever mass-
split evenly; cargo processing and loading requirements in LEO; cargo exchange between transfer
vehicles and excursion vehicles; cargo offloading on the surface of the Moon; cargo placement on
manned flights; and shirtsleeve (TVA) exchange of crew between transfer and excursion vehicles.

3) Provision for transfer of cryogenic propellants: a typical scenario is supplying
LHj, brought from Earth by a transfer vehicle, to a reusable lander based in low lunar orbit (LLO).
Cryogenic propellants are baselined, of course, because of the requirement for high-thrust
propulsion for planetary landing and ascent. (The use of nuclear thermal propulsion for lunar
transfer is potentially attractive, but still involves cryogenic propellant management.)

4) Potential for full system reusability: designs which drop tanks are better for limiting
aerobrake size, but have negative cost implications for advanced cryogenic storage technology, and

FRE®EDNvG ~ATD BN 110 FILMED
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negative operational implications via the accumulation of empty tanks in cis-lunar space and on the
lunar surface. Mission modes which posit multiple annual flights for several decades drive us to
consider full reusability.

Second, we recognized that over several decades of lunar operations, many mission modes
should be accommodated. What is needed is not so much a single vehicle or pair of vehicles, but
rather an evolving lineage of vehicles, fabricated on long-lived production lines, which can be
adapted gracefully and economically to handle contemporary requirements. Two observations
keyed this investigation:

1) Lunar flight hardware decisions will probably be made before final site selection decisions.
This means that the lunar transportation architecture should be careful not to constrain site selection
to less than potentially global access. Many possible mission modes must be preserved by the
architecture.

2) An early lunar surface operations capability can be obtained by using a tandem-direct flight
mode, in which one lunar transfer vehicle (LTV) boosts another, "campsite” LTV,toa fractional-
orbit, direct landing on the Moon. The crew would be sent separately on an identical profile,
returning directly to Earth's surface in their heat-shielded crew capsule. No LLO operations, no
aerobrake, no LTV recovery, and no space station rendezvous upon return would be needed, nor
would a specialized lunar lander (LEV).

What resulted was a lunar transportation family (LTF) concept, consisting of various
"models" of two basic, cTyogenic vehicle "chassis": an LTV with 1101t propellant capacity, and
an LEV with 25t capacity. Particular vehicle combinations from this evolutionary family can
handle 11 distinct mission modes, to provide versatile, flexible service for decades as mission
requirements evolve. For instance, the addition of an aerobrake would permit unmanned recovery
of the boost-stage LTV, providing invaluable flight qualification experience for later man-rating.
(Such an aerobrake can be essentially the symmetrical central core of the asymmetrical Mars-class
aerobrakes discussed later, since the L/D requirement is only about 0.25 for lunar missions;

aerobrake technology evolution is then enhanced.) A heavy-cargo lander would be a modest
upgrade to the campsite vehicle design. If the scale of the exploration architecture justified the
more efficient lunar-orbit-rendezvous (LOR) mode, a dedicated lunar excursion vehicle (LEV)
could be inroduced. For fully reusable operations, a version of the campsite habitation module

D615-10026-6

14



would provide crew support during the extended-wait required by return orbit phasing. If electric
propulsion Mars missions were operated efficiently through a lunar libration-point, LTVs could
support these as well as lunar operations. And LTVs could supply the final capture propellant to
an NTR vehicle returning from Mars. Lunar transportation operations can be upgraded to the use
of lunar-derived oxygen (LLOX) with this family of vehicles also. All combinations of crew and

cargo manifests identified so far for lunar support, and all lunar-related SEI missions identified so

far, can be accommodated by the LTF.
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Lunar NEP

This section contains a preliminary parametric analysis of Lunar NEP performance

capabilities. The section contains the following

IMLEO vs Isp  for various power levels
Propellant Mass vs Isp  for various power levels
Trip Time vs Isp  for various power levels
Payload Fraction vs Isp  for various power levels

Breakdown of IMLEO for various power levels - 10 kg/kW
Breakdown of IMLEO for various power levels - 15 kg/kW

A power level of 3 MW (@ 5,000 sec Isp) will transfer 100 t of payload in less
than 6 months. The IMLEO of this vehicle is ~150 t. The analysis assumes constant burn
time and uses fundamental electric propulsion equations.
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C. Architecture Matrix
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II. Requirements, Guidelines
and Assumptions

A. Level I, IT and III Requirements
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Lunar [P&ED Text
[Editorial note: viewfoil charts are referred to as ‘charts’. If the convention in the
IP&ED documents is to refer to them as ‘figures’ or ‘tables’ ,do a find and replace

operation (8H in Microsoft Word 4.0)]

II. Requirements and Assumptions

II.A. Levied Requirements

There is not a controlled baseline (system specification and configuration) for this study.
This section includes our best understanding of what NASA would define as requirements
if they had to be baselined at this time. It also includes lower level requirements and
assumptions we derived or made respectively.

Level I requirements (first chart) are concerned with overall program schedule, mission,
funding, and interface to other programs. Level Il requirements (charts 2 through 4) are
grouped by systems: Earth-to-orbit (ETO) transportation, ETO support facilities, space
transportation vehicles, crew transfer module, and Lunar surface system interface.

The level I requirement of a first cargo landing in 2000 lead to level II requirements for
ETO transportation test flight and Space Station Freedom (SSF) support readiness in 1999.
The Level I requirement to use SSF leads to specific SSF accommodations requirements in
the Level II requirements.

Level III requirements include vehicle specific requirements. The fifth chart lists
requirements levied on the space transpartation vehicles. These are propulsion
characteristics: cryogenic propellant with an aerobrake; design margins; and operational
characteristics: boiloff of cryogens, propellant transfer capability, and baseline orbit.

I1.B. Derived Requirements

In the course of the study, derived requirements were developed from the levied
requirements and the analyses. In some cases changes to the levied requirements are
recommended. Issues addressed by the derived requirements in the mission area include
the reference mission, basing, on-orbit assembly, modularity, and life (chart six). Other
areas addressed in derived requirements are habitation module, propulsion, and transfer
vehicle requirements (chart seven), and excursion vehicle and aerobrake requirements
(chart eight). Excursion vehicle requirements include performance requirements and design
requirements.

II.C. Assumptions

Assumptions have to be made in the initial cycle of analysis because all the data required is
not yet available. In later analysis cycles, these initial assumptions will either be validated
or replaced by more correct values. The subjects for which assumptions have been
recorded are crew size, cargo capacity, acrobrake characteristics, ETO vehicle capacity,
mission mode, and engine out capability.

III. Mission Operation
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III. Mission Operations

A. Mission Analysis and Performance Parametrics
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ITI. Mission Operations

The mission operations section includes data on mission analysis studies and performance
parametrics as well as the operating modes and performance evaluations which include the
STCAEM recommendations.

A. Most of the lunar mission analysis and performance data was generated during the
90-day study time-frame. Included in this document is data on timing of translunar
trajectories, the lunar orbit insertion AV for different arrival asymptotes, transit time, and
opportunity for lunar transit leaving from the vicinity of Space Station Freedom.

B. Initially, we identified seven lunar vehicle modes which could be implemented with a
pair of vehicles; an LTV-like and an LEV like vehicle. During the course of configuring,
sizing and generating performance data on these vehicles, 11 mission modes were
identified which can be implemented with 5 major elements; a 110 t propulsion stage, 2 25t
propulsion stage, a transfer hab, a crew cab and an aerobrake. Implementation of the
various mission modes is accomplished by “piecing” together the required elements. The
result is a Lunar Transportation Family (LTF) that is flexible and can evolve to meet
growing mission needs and changing mission modes.
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IV. Element Descriptions

A. LTV/LEV Components
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IV. Element Descriptions

Element descriptions for the lunar transportation family included in this document are a
listing of the LTV/LEV components, trade studies and mass analyses of the ransfer and
excursion modules, ACRV (MCRYV) modifications required to fulfill lunar operations, the
acrobrake shape and L/D to be used, and some costing methods and results.

A. Component listings, assumptions and sizing criteria are included for the LTV, LEV,
ACRYV and the service module (Apollo command module derivative). This information is
provided to give an overview of the major components of the lunar transportation family
and their related subsystems.

B. An LTV/LEV habitat rade module study was conducted to size crew modules for
varying crew sizes and mission durations. Two types of transfer modules were evaluated,
an aerobraked module and a direct entry (Apollo-type) module, as well as a single module
concept for transfer and excursion (direct entry at Earth) and excursion modules. Crew
sizes of 2, 4, 6, and 8 for transfers of 24 days and surface stays of 1, 14, 28 and 42 days.
Sizes for these 36 modules were generated from historical spacecraft data, and mass
statements were generated from SSF and STCAEM estimates. Results of this trade study
provide good estimates as to the size and mass of lunar crew modules.

A trade study was also performed to determine what point it becomes more mass efficient
1o have a separate surface hab along with an excursion module, if a base is not available
and missions of the excursion/exploration class are being performed. Resuits show that 3-
8 days is the crossover point.

C. The SSF ACRYV was originally believed to be easily adaptable to small scale lunar
mission, which would allow the use of "existing" hardware. For the small scale program,
the ACRV was to be used for the reentry phase back at Earth. However, the ACRV
currently envisioned for SSF will not fulfill lunar mission needs because of its size. The
internal volume is extremely limited since it is designed for a 6 hour mission rather than 7
to 24 day missions. In order to provide sufficient volume for crew operations and
equipment storage, the interior volume would need to be increased approximately 250%
(giving the same amount of free volume as the Apollo Command Module). Increasing the
volume requires major structural modifications and the resulting craft would be unlike the
current ACRV. Therefore, a more appropriate use for the ACRY is as a crew module for
the LTV in a direct-to-surface (tandem direct) mission scenario. Prior to Earth reentry, the
crew transfers to the ACRYV and separates from the LTV, which is expended.

D. The aerobrake to be used in the lunar transportation family is envisioned as being an
early version of the Mars low L/D (/D = 0.5) shape. The idea is to take the symmetrical
center portion of the hyperboloid shape and fly at an L/D of about 0.25. This symmetrical
portion of the Mars shape is about the right size to accommodate the LTF without having to
drop tanks. Another variation to this concept is to have standard "additions” that can be
added to the outer rim of the brake to accommodate growing mission needs. When Mars
comes into the picture, an "addition" can be fa icated to accommodate these missions.

Heating analysis was performed on this shape, and it was found that the ballistic coefficient
is very low in comparison with Mars and the heating temperatures only reach about 1870°K
at the stagnation point.

E. Costing for the lunar transportation family is being calculated for both hardware cost,
using the Boeing Parametric Cost Model (PCM), and life-cycle cost, using a model
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developed by Madison Research. Preliminary costing date from PCM is included in this
document, and the life-cycle cost data is in progress and will be reported in later documents
(IP&ED updates, final report, technical directives, etc.).
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B. Habitation Modules
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Lunar Transfer Crew Module

24 day duration
Crew Size 2 4 6 8
Habitable Volume (m3) 44 48 72 96
ECLSS Total 1,272 1,317 1,361 1,406
Atmosphere Revitalization System (ARS) 242 242 242 242
ACS (tanks & 1/2 nec. SSF equip.) 274 290 306 322
Atmos. Composition Monitor Assembly 125 125 125 125
Thermal Control/Temp. & Humidity 479 479 479 479
Control (1/2 SSF - av. air equip.)

Potable Water and Storage System 29 58 86 115
Fire Detection and Suppression System 123 123 123 123
~Structure Total 1,472 1,575 1,978 2,442
End cones (2) 266 266 266 266
Berthing ring/mechanism (1) 139 139 139 139
Berthing interface plate (1) 90 90 90 90
Cylinder primary soructure 295 322 467 608
Cylinder secondary structure 352 388 579 765
Standoff/utililides/ disaribution 96 96 123 220
Hatches (2) 134 134 134 134
Windows (4) 60 60 60 60
Couches/sleepers 40 80 120 160
~Command/Control/Power lotal 324 — 762 802 847

~ ECWS (1/2 SSF) 22 220 220 220
DMS/audio - visual 280 280 280 280
" Fault detection and isolation 40 40 40 40
Power system (solar arrays, batteries, 132 172 212 252
onboard equipment)
Lights (1/2 SSF) 50 50 50 50
-Systems lotal 417 457 497 337
WMS/waste storage 95 95 95 95
EVA suits/space closure balls 272 312 352 392
Medical equipment (1/2 surf. equip. mass) 50 50 50 50
onsumables 1 otal 498 802 1,278 1,/04
Food and packaging 120 240 360 480
Atmospheric make-up and 3 represses 206 269 403 538
(20% reserve)
Other (clothes, hygiene equip., etc.) 28 55 83 110
Potable water 144 288 432 576
Other lotal L,U83 1,691 2,299 2,973
Personnel and effects 180 360 540 720
Equipment sparcs 100 104 108 112
Tools 25 25 25 . 25
Radiation shelter 778 1,202 1,626 2,050
—Vass Growin lotal (1>7) 353 oI7 596 ~TS3
rramiﬂe Viass 3,319 7,271 — 8,911 10,688

Note: All weights are in kilograms

Lunar sample material mass not inciuded P REOED;;-;G PRELWARY
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Lunar Transfer Crew Module

Direct Entry
24 day duration

Crew Size 2 4 6 8
Habitable Volume (m3) 44 48 72 96
[ECLSS 1272 1,317 1,361 1,406
Structure 1,166 1,890 2,374 2,930
Command/Control/Power 524 762 802 842
[Man-Systems 417 457 497 537
| Consumables _ 498 852 1,278 1,704
[ Personnel and Effects, Spares, etc. 305 489 673 923
[Radiation Shelter 718 1,202 1,626 2,050
Earth Entry Heat Shield 2,008 2,149 2,760 3,358
Earth Recovery Equipment 454 547 682 825
Mass Growth (15%) 1,020 1,180 1,441 1,712
Total Module Mass 9,042 10,845 13.494 | 16.287
Nre: AL eights e i ogn PRELIMINARY

Lunar sample material mass not included

PREGEDING PAGT BLanK 00 HLMED
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Lunar Transfer/Excursion Crew Module

Direct Entry
24 day duration*
1 day and 14 day surface stays
Crew Size 2 4 6 8
Habitable Volume (m3)** 44 88 132 176
|ECLSS 1272 37 1,361 1,406
Strucmure 2,321 3,145 3,901 4,838
Command/Control/Power 524 762 802 842
Man-Systems 317 357 497 337
[Consumables 398 552 278 T,704
| Personnel and Effects, Spares, etc. 303 439 6/3 923
Radiation Sheiter 778 1202 1,626 2,050
Earth Entry Heat Shield 2,008 ~ 3,181 4212 5052 |
Earth Recovery Equipment 487 634 861 1,041
Mass Growth (15%) 1,109 1,544 1914 2284
Total Module Mass 9,719 13,633 17,25 | 20,677

* ] day surface stay or 14 day surface stay

7 day round trip

24 day free retrun abort - sized for worst case
** Yolumes sized for 21 day nominal case

Note: All weights are in kilograms PRELMNARY

Lunar sample material mass not included

PREGEDING PAGE BLANK NCT FILMED
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Lunar Transfer/Excursion Crew Module

Direct Entry
35 day duration*
28 day surface stay
Crew Size 2 4 6 8
- | Habitable Volume (m3) 66 132 198 264
[ECLSS 1293 1,835 2,692 3,549
Stucture” 2,801 3,901 4,838 6,045
| Command/Control/Power 1,703 2,476 3232 4,021
Man-Systems 417 457 497 537
"Consumables 803 1.718 2,518 3,436
Personnel and Effects, Spares, etc. 305 489 673 023
Radiation Shelter _ 778 1,202 1,626 2,050
Earth Entry Heat Shieid 2,600 4212 5,501 6,581
Earth Recovery Equipment 647 977 1,208 1,629
Mass Growth (15%) 1,376 2,190 2,878 3,581
[ Total Module Mass 12,813 19,457 25,813 32,352
* 28 day surface stay
7 day round trip time

Note: All weights are in kilograms PRELML‘N ARY

Lunar sample material mass not included
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Lunar Transfer/Excursion Crew Module

Direct Entry

49 day duration*

42 day surface stay
Crew Size 2 4 6 8
 Habitable Volume (m3) 84 168 . 252 336
|ECLSS 1,693 2,403 3,546 4,687
| Structure 3,145 4,586 6,002 7,442
Command/Control/Power 1,703 2,476 3,232 4,021
Man-Systems 417 457 497 537
 Consumables _ — 1,146 2,289 3435 3579
| Personnel and Effects, Spares, etc. 305 489 673 923
Radiation Sheiter 778 1,202 1,626 2,050 _
Earth Entry Heat Shieid 3,094 4,943 6,456 7,757
Earth Recovery Equipment 737 1,131 1,528 1,919
Mass Growth (15%) 1,673 2,511 3,359 4,181
Total Module Mass 14,691 22.487 30.354 38,096
* 42 day surface stay

7 day round trip time

Note: ALl welghs are n logras PRELIMINARY

Lunar sample material mass not included
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Lunar Excursion Crew Module

1 day duration
|__Crew Size 2 4 6 8

Habitable volume (m3) 44 44 44 44
ECLSS Total 228 341 454 566
ARS/ACS/ACMA 11 21 32 42
1 Repress (incl. 40kg plumbing) 95 . 95 95 95
Temperature and Humidity Control 96 192 288 384
Thermal Control System 20 20 20 20
Potable Water Storage System 6 13 19 25
Structure Total 1,630 1,665 1,700 1,735
Primary/Secondary Structure 1,032 1,032 1,032 1,032
Berthing ring/mech. (1) 139 139 139 139
Berthing interface plate (1) 90 90 90 90
Hatches (2) 134 134 134 134
Windows 100 100 100 100
Chairs 10 20 30 40
Vents/Plumbing 125 150 175 200
Command/Control/Power Total 323 409 495 580
ECWS/DMS 100 100 100 100
Fault Detection & Isolation — —_— —_— —
Power System 173 259 345 430
(Fuel cells, cond. eq., solar arrays)

Lights 50 50 50 50
Man System Total 504 1,008 1,492 1,976
WMS/Waste storage 4 8 12 16
Personnel and Effects 160 320 480 640
Transfer EVA Suits with PLSS 340 680 1,000 1,320
Consumables Total 32 38 45 51
Food and Packaging 3 5 8 10
Other consumables 4 8 12 16
Tools 25 25 - 25 25
Weight Growth Total (15%) 408 519 628 736
Total Module Mass 3,125 3,980 4,814 5,644

Note: All weights are in kilograms
Lunar sample material mass not included
PRELIMINARY
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@ Lunar Excursion Crew Module

14 day duration
: 2 4 6 8
Habitable volume (m3) 44 76 114 152
ECLSS Total 561 971 1,397 1,822
ARS/ACS/ACMA 147 294 441 588
2 Repress(100kg plumbing/pumps) 210 . 290 385 480
Temperature and Humidity Control 96 192 288 384
Thermal Control System 20 20 20 20
Potable Water Storage System 88 175 263 350
Structure Total 2,140 2,623 3,194 3,766
Primary/Secondary Structure 1,032 1,480 2,016 2,553
Airfock 510 510 510 510
Berthing ring/mech. (1) 139 139 139 139
Berthing interface plate (1) 90 90 90 90
Hatches (2) 134 134 134 134
Windows 100 100 100 100
Chairs 10 20 30 40
|_ Vents/Plumbing 125 150 175 200
Command/Controi/Power Total 430 5§74 714 855
ECWS/DMS 100 100 100 100
Power System 280 424 564 705
(Fuel cells, cond. eq., solar arrays)
Lights 50 50 50 50
Man System Total 356 LI2 1,648 2,184
WMS/Waste storage 56 112 168 224
Personnel and Effects . 160 320 480 640
Transfer EVA Suits with PLSS 340 680 1,000 1,320
Consumables Total 04 103 142 181
Food and Packaging 35 70 105 140
Other consumables 4 8 12 16
Tools 25 25 25 25
&1 rowth 1o ) 903 307 LUo4 L3ZT |
Total Module Mass 4,314 6,190 8,159 10,129

Note: All weights are in kilograms
Lunar sample material mass not included

PRELIMINARY
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Lunar Excursion Crew Module

28 day duration
Crew Si 2 4 6 8
Habitable volume (m3) 60 120 180 240
ECLSS Total 835 1,550 2,265 2,980
ARS/ACS/ACMA 294 588 882 1,176
2 Repress(100kg plumbing/pumps) 250 . 400 550 700
Temperature and Humidity Control 96 192 288 384
Thermal Control System 20 20 20 20
Potable Water Storage System 175 350 525 700
Structure Total 2,373 3,267 4,029 | 35,010
Primary/Secondary Structure 1,265 2,124 2,851 3,797
Airlock 510 510 510 510
Berthing ring/mech. (1) 139 139 139 139
Berthing interface plate (1) 90 90 90 90
Harches (2) 134 134 134 134
Windows 100 100 100 100
Chairs 10 20 30 40
|__Vents/Plumbing 125 150 175 200

Command/Control/Power Total 1,703 2,476 3,232 4,021
ECWS/DMS 100 100 100 100
Power System 1,553 2,326 3,082 3,871
(Fuel cells, cond. eq., solar arrays)

Lights 50 50 50 50
"Man System Total 612 1,224 1,316 2,408 |
WMS/Waste storage 112 224 336 448
Personne! and Effects 160 320 480 640
Transfer EVA Suits with PLSS 340 680 1,000 1,320
Consumables Total 99 173 237 321 |
Food and Packaging 70 140 210 280
Other consumables 4 8 12 16
Tools 25 25 25 25
Weight Growth 1otal (15%) 343 L1304 L7306 2,211
Total Module Mass 6,465 9,994 13,327 16,951

Note: All weights are in kilograms
Lunar sample material mass not included
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. 193
£€15-10026-6



Jueq 3j9] Ajjeuopnuajuy aded sy,

194

12C15-10026-6



Lunar Excursion Crew Module

sdc/06June90

42 day duration

__Crew Size 2 4 6 8
Habitable volume (m3) 80 160 240 320
ECLSS Total 1,120 2,119 3,119 4,118
ARS/ACS/ACMA - 441 882 1,323 1,764
2 Repress(100kg plumbing/pumps) 300 . 500 700 900
Temperature and Humidity Control 9% 192 288 384
Thermal Control System 20 20 20 20
Potable Water Storage System 263 525 788 1,050
Structure Total 2,652 3,824 4,975 6,146
Primary/Secondary Structure 1,544 2,681 3,797 4,933
Airlock 510 510 510 510
Berthing ring/mech. (1) 139 139 139 139
Berthing interface plate (1) 90 90 9% 90
Hatches (2) 134 134 134 134
Windows 100 100 100 100
Chairs 10 20 30 40

|_Vents/Plumbing 125 150 175 200
Command/Control/Power Total 1,703 2,476 3,232 4,021
ECWS/DMS 100 100 100 100
Power System 1,553 2,326 3,082 3,871
(Fuel cells, cond. eq., solar arrays)
Lights 50 50 50 50
Man System Total 0638 1,330 1,984 2,632
WMS/Waste storage 168 336 504 672
Personnel and Effects 160 320 480 640
Transfer EVA Suits with PLSS 340 680 1,000 1,320
Consumables 1otal 134 243 352 do01
Food and Packaging 105 210 315 420
Other consumables 4 8 12 16
Tools 25 25 25 25
Weight Growth Total (15%) 942 LS00 2,049 2,607
Total Module Mass 7,219 11,498 15,711 19,985

Note: All weights are in kilograms

Lunar sampie material mass not included
PRELIMINARY
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C. ACRYV Modifications
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Lunar Family
Programmatics

The objectives of the Programmatics task during the current phase of the study were: (1)
realistic initial schedules that include initial critical path program elements; (2) initial
descriptions of new or unique facilities requirements; (3) development of a stable, clear,
responsive work breakdown structure (WBS) and WBS dictionary; (4) initial realistic
estimates of vehicle, mission and program costs, cost uncertainties, and funding profile
requirements; (5) initial risk analysis, and (6) early and continuing infusion of
programmatics data into other study tasks to drive requirements/design/trade decisions.

The issues addressed during the study to date included: (1) capturing all potential long-lead
program items such as precursor missions, technology advancement and advanced
development, related infrastructure development, support systems and new or modified
facility construction, since these are as important as cost and funding in assessing goal
achievability; (2) incorporating sufficient operating margin in schedules to obtain high
probability of making the relatively brief Mars launch windows; (3) the work breakdown
structure must support key study goals such as commonality and (4) cost estimating
accuracy and uncertainty are recurring issues in concept definition studies.

Introduction

The study flow, as required by MSFC's statement of work, began with a set of strawman
concepts, introduced others as appropriate, conducted "neckdowns", and concluded with a
resulting set of concepts and associated recommendations.

As the study progressed, much discussion among the SEI community centered on
"architectures”. In this study, architectures were more or less synonymous with concepts,
since the statement of work required that each concept be fully developed including
operations, support, technology, and so forth.

We started with ten concepts as shown in the "Overall Study Flow" chart. After the
"neckdown" was completed, significant effort was put into programmatics.
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As was indicated earlier, we established three levels of activity to evaluate in-space
transportation options. The minimum was just enough to meet the President's objectives;
in fact "return to the Moon to stay” was interpreted as permanent facilities but not
permanent human presence. The minimum program had only three missions to Mars. The
median (full science) program aimed at satisfying most of the published science objectives
for Lunar and Mars exploration. The maximum program aimed for industrialization of the
Moon, for return of practical benefits to Earth, and for the beginnings of colonization of
Mars. The range of activity levels, as measured by people and materiel delivered to
planetary surfaces, was about a factor of 10. The range of Earth-to-orbit launch rates was
less, since we adopted results of preliminary trade studies, selecting more advanced in
space transportation technologies as baselines for greater activity levels. The high level
schedules developed for these three levels of activity are shown in the "Minimum
Program", "Full Science Program" and " Industrialization and Settlement Program" charts
and a comparison of them for both Lunar and Mars is shown in the "Lunar Program
Comparison" and "Mars Program Comparison” charts.

Schedule/Network Development Methodology

A PC system called Open Plan by WST Corporation was used, which allows direct control
and lower cost over a larger (mainframe) system. The network was purposely kept simple.
Summary activities were used in development of the networks. When detailed to a lower
level, some activities will require a different calendar than we used. One calendar with a
five day work week - no holiday was used. Utilizing multicalendars on a summary
network could confuse the development. The Preliminary WBS Structure Level 7 was
followed for selection of work to be detailed. An example of Level 7 is: MEV Ascent
Vehicle Structure/Mechanisms. We then developed a generic logic string of activities with
standard durations for like activities. This logic was then applied against each WBS Level
7 element. To establish interface ties between logic strings and determination of major
events, we used the Upper Level Summary Schedule and Summary Level Technology
Schedule.
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Goals/Purpose
There were two goals for the schedule/network development. These were:

a. Guidelines for Future Development. The schedules are a preliminary road map to
follow in the development program.

b. Layout Basis Framework for Network. The networks can be used for future detail
network development. This development can be in phases retaining unattended logic for
areas which can be be detailed.

Status
Six preliminary networks have been developed. They are:

- Lunar minimum

- Lunar full science

- Lunar industrialization
- Mars missions

- Mars full science

- Mars settlement

These networks will be further developed as information becomes available The technology
development plan schedules are shown in the Schedules section of this text; an example of
the standard 6 year program phase C/D schedule is shown in the "Reference 6 yr. Full
Scale Development Schedule” chart . The network schedules developed during the study
are available in the Final Report Cost Data Book.

Facilities

The facility requirements and approaches are discussed in the Facilities section of this text.
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Work Breakdown Structure
The approach to developing a WBS tree and dictionary was to use the Space Station
Freedom Work Package One WBS as a point of departure to capture commonality,
modularity and evolution potentials. We worked with MSFC to evolve the WBS illustrated
in the six WBS charts given in this section. The WBS dictionary details are provided with
the WBS tree in a separate deliverable document.

Cost Data
Overall Approach

Space transfer concept cost estimates were developed through parametric and detail
estimating techniques using program/scenario plans and hardware and software
descriptions combined with NASA and subcontractor data. Our estimating approach
simulates the acrospace development and production environment. It also reflects program
options not typical of aerospace programs. This flexibility allows assessment of innovative
program planning concepts.

Several tools were employed in this analysis. For developing estimates the Boeing
Parametric Cost Model (PCM) designed specifically for advanced system estimating was
used. It utilizes a company-wide, uniform computerized data base containing historical
data compiled since 1969. The second major tool is a Boeing developed Life Cycle Cost
Model. The third tool is the Boeing developed Return on Investment (ROI) Analyses.

The approach to cost estimating was to use the PCM to establish DDT&E and
manufacturing cost of major hardware components or to use other estimates, (¢.g. Nuclear

‘Working Group estimator) if they were considered superior and then feed them to the LCC
model. Variations on equipment hardware or mission alternatives can be run through the
LCC and then compared for a return on investment. This flow is illustrated in the "Costing
Methodology Flow" charts. We were able to investigate alternative concepts quickly,
giving system designers more data for evolving scenario/mission responsive cénccpts.
Transportation concepts, trade studies, and "neckdown" efforts were supported by this
approach.
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Parametric Cost Model

PCM develops cost from the subsystem level and builds upward to obtain total program
cost. Costs are estimated from physical hardware descriptions (e.g., weights and
complexities) and program parameters (e.g., quantities, learning curves, and integration
levels). Known costs are input directly into the estimate when available; the model
assesses the necessary system engineering and system test efforts needed for integration

into the program. The PCM working unit is man-hours, which allows relationships that tie

physical hardware descriptions first to design engineering or basic factory labor, and then
through the organizational structure to pick up functional areas such as systems
engineering, test, and development shop. Using man-hours instead of dollars for
estimating relationships enables more reliable estimates. The PCM features, main inputs,
and results are shown in the "Boeing Parametric Cost Model (PCM)" chart. The
applicable PCM results, in constant 1990 dollars, are then put into the Life Cycle Cost
Model to obtain cost spreads for the various missions/programs. The various hardware
components costed for the three different missions/programs are shown in the "LCCM
Hardware Assignments” chart.

The development of space hardware and components needed to accomplish the three
different Lunar/Mars missions were identified. These components are grouped into three
different categories defined below.

HLLV(Heavy Lift Launch Vehicle) is the booster required to lift personnel, cargo and
fuels into LEO and support the LEO node operations.

Propulsion Includes the space propulsion system required to transfer people, cargo and
equipment out of LEO and into space. Space means Lunar, Mars and Earth destinations.
Propulsion Systems also include an all-propulsive cryogenic Trans Mars Injection System
(TMIS) for the Minimum Mission, the Nuclear Electric Propulsion Stage for the
Settlement/Industrial Missions.

Modules Include the space systems that are required to transfer people, cargo and
equipment from LEO to Lunar and Mars orbit; to de-orbit and sustain life and operations on
the Lunar and Mars Surface; and, finally, to return personnel and equipment to LEO.
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Cost Buildups

The PCM cost Model can be used directly to obtain complete DDT&E cost, including
production of major test articles, by entering into the manufacturing section the equivalent
numbers of units for each item, including the first flight article. However, when operated in
this way, PCM does not give the first unit cost. To save time, we operated PCM so as to
give first unit cost, which we needed for life cycle cost analyses, and used the first unit cost
to manually estimate the test hardware content of the DDT&E program. The "wrap factors”
shown in the cost buildup sheets were derived from the PCM runs as the factor that is
applied to design engineering cost to obtain complete design and development costs, ¢.g.
including non-recurring items such as systems engineering and tooling development.

Life Cycle Cost Model

The LCCM cost data is a composite of HLLV costs, launch base facilities cost estimate
based on $/sq. ft. and parametric estimates derived from the Parametric Cost Model. The
principal source of information is from the PCM. All hardware cost estimates, with the
exception of HLLV, have been developed with this model.

The LCCM consists of three individual models. One model is for the Minimum Program
Scale; the second is for the Full Science Program Scale; while the third model is for the
Settlement/Industrialization Program Scale. The Minimum Program meets the President's
Space Exploration Initiative (SEI) objectives. These capabilities include permanent Lunar
facilities but not permanent human presence and three missions to Mars. The Full Science
program not only meets the President's SEI objectives but also provides for long term
bases for far-ranging surface exploration. The Settlement/Industrialization program
accomplishes the objectives of the Minimum and Full Science program scales and
additionally returns practical benefits to Earth. These models were developed using the
three architecture levels described in the Boeing manifest worksheets. Total cost for each
system are tabulated by year and each year's totals feed into a summary sheet that calculates
the total program cost for each level. Since the LCCM results are mission related, not just
vehicle related, they are not provided here but are available in the Final Report Cost Data
Book. The LCCM was developed using Microsoft Excel version 2.2 for the Macintosh
computer. Any Macintosh equipped with Excel 2.2 can be used to execute the model.
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Return On Investment

One of the principal uses of the LCCM is to develop trades and return on investment for
technology options. As shown in the "Costing Methodology Flow" chart , two separate
life cycle cost models (which include DDT&E and production cost data derived from the
parametric cost models ) must be developed for each ROI case; a reference, and a case
utilizing a technology option. The two life cycle cost streams are separately entered, and
the ROI model is executed. The flow also illustrates that not all of the data entered into the
life cycle cost model is derived from available costing software. Technical analysis must
accompany this data. For example, the number of units which must be produced for the
DDT&E program must be determined. This is done at the subsystem level based on
knowledge of past programs, and proposed system/subsystem tests. Since the ROI
analysis is mission related, not just vehicle related, the data is not presented here but is
available in the Final Report Cost Data Book.

Results

A summary of the cost data produced by the PCM for the lunar family of vehicles are
given in the PCM summaries included in this section. The PCM program was used to
produce DDT&E and production cost estimates for each of our reference Mars and lunar
vehicles to the subsystem level. The DDT&E costs generated by the PCM do not include
all of the necessary hardware for the first mission vehicle. Hence all necessary additional
units (prototypes,test units, lab units, etc.) were added into the vehicle cost buildups as
shown in the "Lunar Cost Buildup" charts. The total DDT&E includes additional costs
(e.g.. additional units in the DDT&E program), contractor fees and the engineering wrap
factor. The total DDT&E from the cost buildup and the unit cost from the PCM are the
primary vehicle cost inputs to the LCC model
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Risk Analyses

Risk analyses were conducted to develop an initial risk assessment for the various
architectures. This presentation of risk analysis results considgrs development risk, man-
rating requirements, and several aspects of mission and operations risk.

Development Risk

All of the architectures and technologies investigated in this study incur some degree of
development risk; none are comprised entirely of fully developed technology.
Development risks are correlated directly with technological uncertainties. We identified
the following principal risks:

Cryogenics - High-performance insulation systems involve a great many layers of multi-
layer insulation (MLI), and one or more vapor-cooled shields. Analyses and experiments
have indicated the efficacy of these, but demonstration that such insulation systems can be
fabricated at light weight, capable of surviving launch g and acoustics loads, remains to be
accomplished. In addition, there are issues associated with propellant transfer and zero-g
gauging. These, however, can be avoided for early lunar systems by proper choice of
configuration and operations, e.g. the tandem-direct system recommended elsewhere in this
report. This presents the opportunity to evolve these technologies with operations of initial
flight systems.

Engines - There is little risk of being able to provide some sort of cryogenic engine for
lunar and Mars missions. The RL- 10 could be modified to serve with little risk; deep
throttling of this engine has already been demonstrated on the test stand. The risk of
developing more advanced engines is also minimal. An advanced development program in
this area serves mainly to reduce development cost by pioneering the critical features prior
to full-scale development.

Aerocapture and aerobraking - There are six potential functions, given here in approximate
ascending order of development risk: aero descent and landing of crew capsules returning
from the Moon, aerocapture to low Earth orbit of returning reusable lunar vehicles, landing
of Mars excursion vehicles from Mars orbit, aero descent and landing of crew capsules
returning from Mars, aerocapture to low Earth orbit of returning Mars vehicles, and
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aerocapture to Mars orbit of Mars excursion and Mars transfer vehicles. The "Development
Risk Assessment for Aerobraking by Function" chart provides a qualitative development
risk comparison for these six functions.

Aerocapture of vehicles requires large aerobrakes. For these to be efficient, low mass per
unit area is required, demanding efficient structures made from very high performance
materials as well as efficient, low mass thermal protection materials. By comparison, the
crew capsules benefit much less from high performance structures and TPS.

Launch packaging and on-orbit assembly of large aerobrakes presents a significant
development risk that has not yet been solved even in a conceptual design sense. Existing
concepts package poorly or are difficult to assemble or both. While the design challenge
can probably be met, acrobrake assembly is a difficult design and development challenge,
representing an important area of risk.

Nuclear thermal rockets - The basic technology of nuclear thermal rockets was developed
and demonstrated during the 1960s and early 1970s. The development risk to reproduce
this technology is minimal, except in testing as described below. Current studies are
recommending advances in engine performance, both in specific impulse (higher reactor
temperature) and in thrust-to-weight ratio (higher reactor power density). The risks in
achieving these are modest inasmuch as performance targets can be adjusted to technology
performance.

Reactor and engine tests during the 1960s jetted hot, slightly radioactive hydrogen directly
into the atmosphere. Stricter environmental controls since that time prohibit discharge of
nuclear engine effluent into the atmosphere. Design and development of full containment
test facilities presents a greater development risk than obtaining the needed performance
from nuclear reactors and engines. Full- containment facilities will be required to contain all
the hydrogen effluent, presumably oxidize it to water, and remove the radioactivity.

Electric Propulsion Power Management and Thrusters - Power management and thrusters
are common to any electric propulsion power source (nuclear, solar, or beamed power).
Unique power management development needs for electric propulsion are (1) minimum
mass and long life, (2) high power compared to space experience, i.e. megawatts instead of
kilowatts, (3) fast arc suppression for protection of thrusters. Minimizing mass of power
distribution leads to high distribution voltage and potential problems with plasma losses,
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arcing, and EMI. Thus while power management is a mature technology, the unique
requirements of electric propulsion introduce a number of development risks beyond those
usually experienced in space power systems.

Electric thruster technology has been under development since the beginning of the space
program. Small thrusters are now operational, such as the resistance-heat-aungmented
hydrazine thrusters on certain communications spacecraft. Small arc and ion thrusters are
nearing operational use for satellite stationkeeping.

Space transfer demands on electric propulsion performance place a premium on high power
in the jet per unit mass of electric propulsion system. This in turn places a premium on
thruster efficiency; power in the jet, not electrical power, propels spaceships. Space
transfer electric propulsion also requires specific impulse in the range 5000 to 10,000
seconds. Only ion thrusters and magnetoplasmadynamic (MPD) arc thrusters can deliver
this performance. Ion thrusters have acceptable efficiency but relatively low power per unit
of ion beam emitting area. MPD thruster technology can deliver the needed Isp with high
power per thruster, but has not yet reached efficiencies of interest. Circular ion thrusters
have been built up to 50 cm diameter, with spherical segment ion beam grids. These can
absorb on the order of 50 kWe each. A 10 MWe system would need 200 operating
thrusters. The development alternatives all have significant risk: (1) Advance the state of
the art of MPD thrusters to achieve high efficiency; (2) Develop propulsion systems with
large numbers of thrusters and control systems; or (3) Advance the state of the art of ion
thrusters to much larger size per thruster.

Nuclear power for electric propulsion - Space power reactor technology now under
development (SP-100) may be adequate; needed advances are modest. Advanced power
conversion systems are required to obtain power-to-mass ratios of interest. The SP-100
baseline is thermoelectric, which has no hope of meeting propulsion system performance
needs. The most likely candidates are the closed Brayton (gas) cycle and the potassium
Rankine (liquid/vapor) cycle. (Potassium provides the best match of liquid/vapor fluid
properties to desired cycle temperatures.) Stirling cycle, thermionics, and a high-
temperature thermally-driven fuel cell are possibilities. The basic technology for Brayton
and Rankine cycles are mature; both are in widespread industrial use. Prototype space
power Brayton and Rankine turbines have run successfully for thousands of hours in
laboratories. The development risk here is that these are very complex systems; there is no
experience base for coupling a space power reactor to a dynamic power conversion cycle;
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there is no space power experience base at the power levels needed; and these systems, at
power levels of interest for SEI space transfer application, are large enough to require in-
space assembly and checkout. Space welding will be required for fluid systems assembly.

Solar power for space transfer propulsion - Solar power systems for space propulsion must
attain much higher power-to-mass ratios than heretofore achieved. This implies a
combination of advanced solar cells, probably multi-band-gap, and lightweight structural
support systems. Required array areas are very large. Low-cost arrays, ¢.g. $100/watt,
are necessary for affordable system costs, and automated construction of the large area
structures, arrays, and power distribution systems appears also necessary. Where the
nuclear electric systems are high development risk because of complexity and the lack of
experience base at relevant power levels and with the space power conversion technologies,
most of the solar power risk appears as technology advancement risk. If the technology
advancements can be demonstrated, development risk appears moderate.

Avionics and software - Avionics and software requirements for space transfer systems are
generally within the state of the art. New capability needs are mainly in the area of vehicle
and subsystem health monitoring. This is in part an integration problem, but new
techniques such as expert and neural systems are likely to play an important role.

An important factor in avionics and software development is that several vehicle elements
having similar requirements will be developed, some concurrently. A major reduction in
cost and integration risk for avionics can be achieved by advanced development of a
"standard" avionics and software suite, from which all vehicle elements would depart.

Further significant cost savings are expected from advancements in software development
methods and environments.

Environmental Control and Life Support (ECLS) - The main development risk in ECLS is
for the Mars transfer habitat system. Other SEI space transfer systems have short enough
operating durations that shuttle and Space Station Freedom ECLS system derivatives will
be adequate. The Mars transfer requirement is for a highly closed physio-chemical system
capable of 3 years' safe and dependable operation without resupply from Earth. The
development risk arises from the necessity to demonstrate long life operation with high
confidence; this may be expensive in cost and development schedule.
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Man-Rating Approach

Man-rating includes three elements: (1) Design of systems to manned flight failure tolerance
standards, (2) Qualification of subsystems according to normal man-rating requirements,
and (3) Flight demonstration of critical performance capabilities and functions prior to
placing crews at risk. Several briefing charts follow: the first summarizes a recommended
approach and lists the subsystems and elements for which man-rating is needed;
subsequent charts present recommended man-rating plans.

Mission and Operations Risk

These risk categories include Earth launch, space assembly and orbital launch, launch
windows, mission risk, and mitigation of ionizing radiation and zero-g risks.

Earth launch - The Earth launch risk to in-space transportation is the risk of losing a
payload because of a launch failure. Asscmb‘ly sequences are arranged to minimize the
impact of a loss, and schedules include allowances for one make-up launch each mission
opportunity.

Assembly and Orbital Launch Operations - Four sub-areas are covered: assembly, test and
on-orbit checkout, debris, and inadvertent re-entry.

Assembly operations risk is reduced by verifying interfaces on the ground prior to launch
of elements. Assembly operations equipment such as robot arms and manipulators will
undergo space testing at the node to qualify critical capabilities and performance prior to
initiating assembly operations on an actual vehicle.

Assembly risk varies widely with space transfer technology. Nuclear thermal rocket
vehicles appear to pose minimum assembly risk; cryo/aerobraking are intermediate, and
nuclear and solar electric systems pose the highest risk.

Test and on-orbit checkout must deal with consequences of test failures and equipment
failures. This risk is difficult to quantify with the present state of knowledge. Indications
are: (1) large space transfer systems will experience several failures or anomalies per day.
Dealing with failures and anomalies must be a routine, not exceptional, part of the
operations or the operations will not be able to launch space transfer systems from orbit; (2)
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vehicles must have highly capable self-test systems and must be designed for repair,
remove and replace by robotics where possible and for ease of repair by people where
robotics cannot do the job; (3) test and on-orbit checkout will run concurrently with
propellant loading and launch countdowns. These cannot take place on Space Station
Freedom. Since the most difficult part of the assembly, test and checkout job must take
place off Space Station Freedom the rest of the job probably should also.

Orbital debris presents risk to on-orbit operations. Probabilities of collision are large for
SEI-class space transfer systems in low Earth orbit for typical durations of a year or more.
Shielding is mandatory. The shielding should be designed to be removed before orbital
launch and used again on the next assembly project.

Creation of debris must also be dealt with. This means that (1) debris shielding should be
designed to minimize creation of additional debris, especially particles of dangerous size,
and (2) operations need to be rigorously controlled to prevent an inadvertent loss of tools
and equipment that will become a debris hazard.

Inadvertent re-entry is a low but possible risk. Some of the systems, especially electric
propulsion systems, can have very low ballistic coefficient and therefore rapid orbital decay
rate. Any of the SEI space transfer systems will have moderately low ballistic coefficient
when not loaded with propellant. While design details are not far enough along to make a
quantitative assessment, parts of these vehicles would probably survive reentry to become
ground impact hazards in case of inadvertent reentry. For nuclear systems, it will be
necessary to provide special support systems and infrastructure to drive the probability of
inadvertent reentry to extremely low levels.

Launch Windows - Launch windows for single-burn high-thrust departures from low Earth
orbit are no more than a few days because regression of the parking orbit line of nodes
causes relatively rapid misalignment of the orbit plane and departure vector. For lunar
missions, windows recur at about 9-day intervals.

For Mars, the recurrence is less frequent, and the interplanetary window only lasts 30 to 60
days. It is important to enable Mars launch from orbit during the entire interplanetary
window. Three-impulse Mars departures make this possible; a plane change at apogee of
the intermediate parking orbit provides alignment with the departure vector. Further
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analysis of the three-burn scheme is needed to assess penalties and identify circumstances
where it does not work.

Launch window problems are generally minimal for low-thrust (electric propulsion)
systems.

Mission Risk - Comparative mission risk was analyzed by building risk trees and
performing semi-quantitative analysis. The next chart presents a comparison of several
mission modes; after that are the risk trees for these modes.

Ionizing Radiations and Zero G - The threat from ionizing radiations is presented elsewhere
in this document. Presented here are the mitigating strategies for ionizing radiations and
zero g.

Nuclear systems operations present little risk to flight crews. Studies by University of
Texas at Austin showed that radiation dose to a space station crew from departing nuclear
vehicles is very small provided that sensible launch and flight strategies are used. On-
board crews are protected by suitable shielding and by arrangement of the vehicle, i.e.
hardware and propellant between reactors and the crew and adequate separation distances.
After nuclear engines are shut off, radiation levels drop rapidly so that maneuvers such as
departure or return of a Mars excursion vehicle are not a problem. On-orbit operations
around a returned nuclear vehicle are deferred until a month or two after shutdown, by
which time radioactivity of the engine is greatly reduced.

Reactor disposal has not been completely studied. Options include solar system escape and
parking in stable heliocentric orbits between Earth and Venus.

Crew radiation dose abatement employs "storm shelters” for solar flares, and either added
shielding of the entire vehicle or fast transfers (or both) to reduce galactic cosmic ray
exposure. Assessments are in progress; tradeoffs of shielding versus fast trips have yet to
be completed. Expected impact for lunar missions is negligible and for Mars missions,

modest.
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LCCM Hardware Assignments

Components LunariMars
Minimum Fuil Scicace Scttle /Ind

Cargo Carrier & Core X

HLLY STME
Recov PA Mod

Std Avionics Suite
Ady Space Engine
NTR Tonks

MOC Tank

MOC Core
Propuision |NTR Stage

NTR Engine

NEP Stape

NEP Engine
TMIS Eacine
TMIS Tank
TMIS Core

E B ol tad b P

P B B L tad Eod B2 B
Ead B B Lo o ol Eod

bl bl

bad bad bl Cad Ead tad bad Fad ol Lad tad Ead Bad B

ILEO Tanker

LTV Hab

LTV

LEV

LEV Crew Module
MTV

MTYV Crew Moduie
Modules MEVY

RMEY

mini-MLEV

MEV Crew Module
Lunar Aerohraoke
MTV Aerobrake
MLV Acrosheil
MCRV X X

bad Bad Bad Pad Pd P P2 B pod o R
bad Ead Fad Ead Be

tad ol

Fad ko
>

P B Fad o

Ea o
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V. Commonality/Evolution

A. Commonality - Having identified commonality as having high cost-effectiveness leverage,
STCAEM developed an evolutionary strategy for facilitating it and benefitting from it. The greatest
commonality challenge is between early systems designed for lunar missions and later systems
designed for Mars missions. Because of similar flight regimes, crew systems requirements and
durations, excursion vehicle crew cabins for lunar and Mars uses proved most amenable to strict
commonality; for conceptual purposes the LEV and MEV crew cabs can be considered just slightly
different "models" of the same element.

An effort was made to extend the commonality approach to entire excursion vehicle designs
for the Moon and Mars. This extreme degree of commonality was found to appear conceptually
feasible only for a particular size class of vehicle (a 25t propellant-capacity vehicle typical of
LEV designs is comparable to a so-called "mini-MEV", which would take 3 crew and 1t
payload to the surface of Mars). Except for this special case, the differing gravity levels of the
Moon and Mars, and configuration complications arising from aerobraking upon descent at Mars,
tend to drive LEV and MEYV designs apart. The LEV and MEV are likely to come on line years
apart in any case, and we found a more productive way to introduce commonality.

We found it useful to consider commonality at three program levels: (1) mission design,
using the same mission design to accomplish different programmatic architectures (a problematic
category because mission designs are by definition tied to unique requirements); (2) functional
element, using end-items from the same production line to fill different roles within a given
mission design (the most appropriate example we developed is the evolutionary LTF described
earlier); and (3) performing subsystem, using system assemblies or components from the same
producton line in different functional elements (a sensible way to standardize industry, get
predictable performance and facilitate product longevity). This latter approach, applied to engines,
SENSOors, processors, some structural components and modular life support hardware, shows great
promise for cost-effectiveness and preserving program resiliency. At the component level,
extensive commonality can be worked into the fabric of SEL

Another application of this subsystem/component commonality-for-evolution approach is
the potential use of hardware systems developed mostly for lunar transportation, augmented by
long-duration crew systems, for early Mars missions staged out of high-orbit node locations like
Earth-Moon L2. TMI AV for this mission mode is such that the need for a large TMIS is obviated
altogether, as is the need for a large cryogenic space engine. The use of chemically-propelled
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D615-10026-6
271



‘sor3orens werdoid
JIBI3AO [NJSS30INS JOJ OS[e INq ‘(Swsdsqns pue SHUAWIYI) syusuodwiod IOyl pue SAINIIAIYOIE UOISSIW
uoneojdxa [nyssadons 10§ Kuo jou ‘soujow soueunoyrad pue soujpopingd udisap yloq se d[qenfea e
sojdiouud Koy asai 1ey pasodoid siif ‘umoys se asodind s NFVILS 10§ Apoutoons pauyop ‘sajdiouud
uouoduiod ojUT UMOP UIY0Iq USIQ JARY SIAUP ylog "A1aJes Joj pue uoonpal 1500-9[9K99j1] wresdoxd yioq
10§ 28e19A3] Y31y 2AeY 0) PayNUP! sy INFVILS YoIYM SIAUP JIMOANYIIE JO sou08a1e) 0M) IR UMOYS

SIAALI(] 34n}NYIIY A3

272

D615-10026-6



06daSH 1 SUWIVILS

guios
QUO URY) IOW UI WA dempIey sures ay) Juisn suesw Ajjeuowruio)

90UO UBY) 2IOWI WI)I dIempIey dwes oY) Suisn sueowr Ajijiqesn-ay

uSisa(f Isn-NnJA

sjuowainbax SuiSueyd o3 own IaA0 uoneldepe ue st uoNjOAT

sdeysiur 1o sAB[9p [BIUIPIOOE WIOKJ J9A0IDI 0} AN[Iqe JY) ST AQUDI[ISAY

suonIpuod pajedionueun
10 o[qeLIeA 9dsap Ajeurwou urroyiad 03 A)[iqe 3y} SI SSaUISNGoY

ANpqIxoLg

TNITOT

SWALSAS dOVdS

SIIALI(] 9IM)INYDIIY A

)

D615-10026-6

273



*3[qIX3[J asow
9q ued douruLIopad NaL) pue ‘[EdHUSPE UL JAUIRY [BIIIUE) UAY) I8 SWA) pug -SwWAISASqnS pue swroiss Jo
1 P3zipiepuels B woly pajquiasse suodo si K)Ifeuouwruiod Juswafd [euonouny jo 1daouod o Jo JuswIuTal
Inydjay v -pastwordwiod Ajjenuelsqns si sjusuruoiaud yioq ur soueunojrod asoym udisop woan-pua
ug 0} pe3] A[ised ued suolssiul SIB pue Jeun| £q PIONPONUL SE JUSISJJIP SB SIUSUIUOIIAUD JOf )[RUOUIIOD
9poIyaA uo Zuusisur ‘pajers A|dwig [oAd[ Judwad [euoHdUNy B e Lijeuowwod s1 woajqord ayj,

"udisop swiAIsAs 1SNqoI ‘9A1109JJ2-1500 djeN|IoR) A|1eaId
ued a3eis 3urdLyoi01d ap e pajuawoidun §1 pue ‘yoreoidde serjiurey e st [aA3] woIsAsqns ap 18 L)jeuounwo))

('1502 a1empiey SjeWNN YA OP 01 INN] SBY ING ‘D[qRIISIP ISINOD JO SI [IAI]
aImd3yore 3y 18 satpms 1daouod Suoure Lyjeuowwo)) sjuswarnbor uossw jo uoneUIqUIOS Jejnonted
& 0] anbiun st uonuyop Aq 21M23YIIE UOISSIUI B “(SAIMIAYIYIIE ofeos d31e Jo Jrews Yo 1oy eudoidde
9q Aew 1opue| SIE AWES AY) ') SIAINIINIYIIE UOISSIUI SJEPIPUBD JOUNSIP UI Pasn 3q ued sudisop
JUSWS[3 [eUOHIOUNY JE[IUIS AIJA J[IYA| "OSUIS YONIW S)BUI JOU S0P SAIMIIIANYDIL UOISSIW JO AJI[RUOUILO)

*KI[BUOUIIIOD JO S[IA3] JOJ SUIINO Pa1soTINS © S1 UMOYS “) JOJ ALIS O} SJqRIISIP PUE JQISLd]

ST 31 UdYM pue dIoUMm IPIdIP 0) USY] pue ‘INdul Ued If $1S0D JBYM ‘IONPONUI UBD I SIJOUSQ JBYM ‘SUBRIW
N 1eym 1snf a1ojdxa 03 feya sy -Anununuod S Ui Ul AOUdKIND UOWWIOD SI , ANJRUOUNIIOD,, ULD) AL

ANjevowwio))

274

D615-10026-6



0643SZ1AYWEYILS/

(uonnadwod
wowamooid smojfe tAousyjisar ureidoid sref smear) §33ds [eIJUIPI Sundaw sAdanos N -
(suoneoyyioads sures Iyl 01 $adBIANUL
pue swasAs dojoasp 01 siopuaa 1wasayip smofre) s3d£)0j0ad wRISASqNS UOWWIOD JPRYS-aY)-JJO
(sau18ua pue sayoey ‘syum $S D ‘s10ssa001d paziprepuels “3-9)
SJUIWIIJI [eUOI)dUNJ JUIIIJJIP Ul ul) uondInpotd s

3y wo.f s)uduoduwiod 10 SIQUIISSE WISAS S J[9AI9] , .Evamhmasm w-__:—.-c.—._&a— "

(uononpai-1509 sieayap sauy uondnpoid Sunesydnp) JOPUIA JUWIES Y} WIOAJ JUIUIIINDOI] o
(ourj sures

atp uo pasnpoid A{eord£) are suondo USIAMIP YIA SIED) [EIIJUIPI I JOU PIAU SUIINI-PUI UOUWIWIO))
(S[OTY2A UOISINOXI SIBJA]/TRUNn| uowwod ‘3-9)
u3iSop uoISSIwW UIAIS © UI)IM SI[0J JUIIJIP

114 03 ausy uoyonpod awvs oY) wWoLf SWRY-PUI 3S() : [IAI] ,,JUIWI[I [BUOIIOUNY,,

D615-10026-6

(onbrum
9q 0} pua) SUSSOp UOISSTWI PI[TEIGP ‘UIALIP-Te0d A[as0]o are ASojouyoa) pue Juywim ‘aeds ‘2doas) IO ] -
(surerdoxd JUIWI[NAS SIBIN pPuUD IDUINIS-Xewl Yloq 10j SATIN

Q/T-M0] Yuim JAN Paseq-z'1°89) $aanyadjiyoae dpjewueagoad
Juasagyip ysijduiodde oy uisap uosspu awes 3y) as()  [IAJ] ,,USISIP UOISSIIAL,,

INITOLE SWALSAS FOVdS

TIAID GIIONVAQY

A)feuowiuio))

275



"paisaddns are spoyrow
uopnjos ¢ ‘IoAup uonem3yuod FulWYmIaA0 ue si unjeiqolde 1oj uSisa@ °9[1OU0231 0} NOYJIp

1B *Ju23s9p payeiqosde pue dalsindoid-jje usamIdq pue ‘Ay JOpUB| SIB[N PUE JeUun| UMIIQq SIDUIIYJIP
sjqedeosour aroym a3uer e ol saproedes SpdIYIA A s8uuq 1 9sneoaq ‘axmpoid Ajjeuoururod yeniul
1ey) sareoydwod syoueld yloq 1e wowannbar 031ed-umop 10g II [PAYT M3U Y “PIIPMIS Sem yoeoidde
Anjeuourwos Apea ue pue ‘passasse sem 1daouod AT T-Kreurunjaud/AgN- Ui uourwod e ‘(Aprus Lep
-06) AJIA Qui[dseq ) WO -judwssasse Aijeuowruiod AFW/AAT SINFGVOLS Jo K10)s1y Yy St pauIpnQO

A)jeuowruio)) IPIYIA UOISINIXY SIBJAl/Ieun dzis-[ing

276

D615-10026-6



D 29 NO uaLnd

Yyum jqissod

10U (/T 1IMO]

(peojAed :.o::.s ﬁb_quum
no-aui3ul ou z_"_ W3y 19y

{pno1ys younej

1931ej omD_ C \

/ PRl RILTETY

ianenbs andyuo)

AN

(mo-am3dua| o o —
10J sauidud :_aw_ U

SIUIRIISUO))
A1owo090
Sunyeiqosay

(siej\ pue Jeuny)
QUINJOA pajeIdoSSe

/7

0649SL0/9PS/WAVILS)

{duoz 3ureay ayem q
Jo uopenauad Bo__<_

mou_ﬁn
Jd1e| moj|y _ v

(Apmis £ep-06)

lim 031ed-umop 3 O AINW
AW MIN auyjaseqg
(0661 UOIEN) \
yoeoxddy AdIN
Anjeuowuio) ity
ey
A1
feniuj
GNITFOT SWALSAS ADVdS
TIAID AINVAAY

Ayeuowuro)) IPIYI A UOISINIXH

SIBJAl/Jeun| AZIS-[[n,]
) )

To

)

27

D615-10026-6



‘Suipuej siey
pue UOOJN 9y} WOI} wInPI yuey yioq J0J YNM JIOM 0} 9ZIS [EONUIPE UB UISOYD oABy 9m uonednsaAul
siyy jo asodind 2y 10j ‘19A9MOY ‘(pazijeas 9q ued s)Joudq Jutonpal-ssew s)f eyl 0s) peojfed u3isop

s 0} yoeo jo IySrom [eIndnns Yy JojEl 0y juowannbo1 ayy woyy rede onnb ‘Ajjeonowiodd [[am 9jeds
0] 10U pUI} SAINPPNNS IeIqoIY ‘K3ojouyd9) Bupjeiqoide pue voisjndord oyua80£1> uo paseq ‘suolssil
sigp A[1ea pue Jeun| udIMIaq Anjeuowwiod 13911p 930INOOUI PIROM IIYM siojoweied udisop jo 198

g o sjuowonnbar rejiwis §199]0 UWNI0D wsu oyy Auunuoddo uonisoddo  Ases, ‘Q10T W 2Asiyoe
0) parjdde aq pnod yoym yorew o1 ALW [jews B pue ‘AFW-tulw Y} ‘woisks ATT/ALT AreuoninjoAd

ue 10J ‘sop108018d WSAsqns [EISAIS UL ‘soinjeoy uSysop poxnbax o sozHRWWINS XINEW SIYL

Apjeuounwio)) Joj U JIIJsusd], edg

278

\

D615-10026-6



279

0642SL0/°PS/NAVOLLS,
"yoejie anbiun srepy - | 20uatds nsuen - 20U3I0S 2 J9AOI - a|qeagjsuen) - dlqergjsues] -  -pourwiodoe
191jed wgysAs Jeunj - S1esWoo - e 1 - anbiun voissiu - anbun uoissius - peojied
uonoas auidud do - vod auiduo - yod auidus -
13uaj wog - S0=a/1 Pudwgz - | - duaj weg - | 9yeIqoIdy
adeys /160 - SC0=a/1- C0=a/1-
§39
yorosdde vownos - | - nudiooy wg| wudiooywigg | -t m:.c:au"
nqio uo ..—MQ-—: 1Ry payoune] jaeiul payounej 11qi0 uo ..—Mod——_
yoroadde uowuios - saoaid wg'/. - ‘tedwod wyg - "Jedwiod wg'/ - s3091d wg'/ - aInpNNg
\ auuelj s - SuwIely s - auresj pugs - aurely s - ©
Suiquinid 2 aimponus - 1n0-suiua | -ose no-suduo g Ino-auidua | J0-2u§3ua 4 3 m
aui3ua Jqpiog - Jqpioe ¢ J0E € 191I90¢ € Japioe ¢ sautauy 2
LU'g)
1R IOTT - s1oyoel wnnoea m.
opeiddn jaxoel winnoea 0£15 ‘peoy 3 3 ) 0415 ‘peo] 16 0410 ‘peoy 101 | syue)
A pPeof 101 0£12 ‘peo} 1] - yuepjodoig
j}d0Q % pudy - ¥d0( % pudy -
[engiQ - [enqiQ - ¥d0Q @ pudy - a»y-
SOIUOIAR JR|NPOIN - Suiyeiqoiay - urena], - 1eNqiQ - 1enqiQ -
aoeds daa( - Suryeiqolay - UBLIJ, - aoeds daa( - SoIuoIAY
I9)j9ys pei jeuondo -§ SSTOH Pasojd - SST1DH uado - SSTDH uado - | amsopd jeryed -
syi3uaj Jejnpou - 19)[3ys per - "[410 "urejuod - 10 "urejuod - J9jjays per - qeds M)
wi2IsAs Jajowelp W'y -§ P 0701 ‘MaId ¢ - POI ‘Mo ¢ PE‘Mang - P6‘MADQ -
ALN AdN AL
ase)) udisa(q 0102 N Ad1

DNITOH

A)euowrwio)) J10j ugisy(] Jjsued J, dedg

SHALSAS ADVdS
TAID A4INVAQY



yuejq 3J9| Ljeuopuajuy aed spy |,

280

D615-10026-6



oh 7168 39

(ar

auly) uing 133uo|

$a8ea0)s 0410 10) TN SPIIN

‘ssewr puojded ‘djes dupeay
Zys JuUIIRYIP) ANjBUOUNUOD

uely) J3yyjer uopnjoAd £Ljqeqoay

JUR.RINP 2q Asut

u-v--vw--u.-.-w 21NPNIAS p juej,

udisap yoopsnp / Jaopy

suopjdo snay)-mo] uy saumjdud A 11
{(Z-amnyg) ade)s pig ATIH

J9yeIqoIde A L]

ALT

SSIDM ‘sanpoun dejIng

281

SINL

aeiqosde AL

ST4L/ALN

anpowr MaId A LN

Sd.L judsayp £qissod

ssyaod auy8ud ‘peojfed sa)yay
J0j sadned jean)ond)s paonpay

(3upjeaqoaae

s JPND JUISIP) SHHUCjAY

(snqao opdy

10j DN SNOAZIPUIL) SIUOIAY

awpy Adusuriop adedg

aeiqosde A LW

sojuojae 2 saUjdud AH]

sojuojAR ‘SOV ‘saujdud A LT/ AHAT

sanpowt Mad ALT/AAT

Meaqosde AqIN

adejs )uISIP AAN

AVIA

Jpowl M1 AR

suondadxa syads yum nq

ONI30od

YA uowuiod Ajjepudjod

JUIUR[H

REGEDWG PAGE BLANK NOT FILMED615-10026-6

_ JUIWISSISSY  A)ijeuomrwio))

SWILSAS
0VdS | 9
TIAID Wa
QIONVAQY

r\o. ' Ja




‘parynuapi suondo uoneingijuod
oyl Jo awos 10j pannbar ojeiqoiose 1331e] € Jo Leuad oY) 199[Ja1 J0uU SSOP pue ‘paxij pauwnsse
SEM SSEUI 9YBIQOIJE I, -081ed ] () [eunuou 3y} Joj 3q pjnom A se papeo[jjo Jou e SsHue) prepuels
ay) Ji sopow 031Bd pue MaId loq ul -- IYS1am-03-1SIuy) sjqemoje £q panui| -- UOOA dY) U0 papue[ aq ued
o31ed 210U “30B) U] °suAWAIINbAI SIB|A pue Jeun| Yloq NePOUILIOIdR 0) U3dS SI udisap suaul IJuis Ay,

(‘Kipeuad ssew paug [OIYaA JuAUeuLRd B UBY) Jpen 19119q B 9q Aew
uonesaduyal soeung) -syudwasnbar jjeuownuiod ay) ojul paurjaseq 10U AI0JIIAY) SeM ISeD SIY], "IdIABYY
yonur 393 spoul I[OIYIA ey} $ISSO] Jjoioq I8Ie| Yons SIINPONUL IdBNS SIBJA Y} U0 dunifels 1eak-auo y

*pansas ugdisop a8els Houl I 'L UOWUIOD B ‘PaIpnoul [[e dueMmo[[e
imo1d ssew pue s§of Surpue] ‘arnjonns osuresy ‘sour] juejjodoid ‘SHA ‘SPIAIYS 1031aul ‘UonIeNSUl ‘(S GLY
= ds1) souiduo owadokio pasueape Jqpy o 2am ‘0 I Jo Kioeded juepjadord [ejol) syuey uadLxo [jews
1moj “yuey uafoipAy auo P -owm Aeys 2o0vUNS P Of B YIM UOISSIW Japue| siepy pajoid oyl £q uaaup
sem 93e)s LOUI UOWIWOD Ay} ‘uoneSnsaAur sIyl 10,] °(SaIu0s pajoqid ayy Jo ased Yy ul 3wy Ae)s BHINS JOJ
$20URMOJ[E JJO10q Jpn[out Yoiym) speof Juefjadord $OY pue SJW AU Y10q J0J PSS ‘IZIS I pue ‘syue)
J0o Joquinu oy pue ‘poddns isnw Yoes je) peO| dY) JO UOHOUNJ B AIE YIIYM JO 1oq ‘WyBiom Fof Suipue|
pue swelj einonns adeis ay :apnpour s1vowered juepodun soyQ uidrews Jno-suidud ue yim ‘saseyd
Judose pue Suipue| yoq Moy3nonp 9| INOQE JO ONRI M/L S[OIYSA wnuwiuiw e opiaoid 0} yuswasnbas
o) Suraq 1sowaloy ‘sjudwanmnbal [e1aAas Jo uonouny e St 1YSrom AUT S[OIYSA  "SO[OIJAA [[B JOJ [BINUIPI
a8eis uoisindoad a1opdwod ayy doay 03 sem uoud Lrewnd ay) pue ‘sjuswannbar ay) oyt paurjaseq sem
91o1yaA aders-o[3wms y "sisAjeue Anjeuowwiod AFW/AHT UALND dY) J0OJ suisop paseq-ssews e UMOYyS

SUOISJIAA PIUUBIA pue 0die)
JUDUIA)R)S SSBJA JIpuer] SIBJAl/Jeun| uowuwo))

282

D615-10026-6



9583 SIey patojid oy 10§ Jjom se s3aj duipuey oy Suraed] aym ‘ases Jeuny pajopid ayp
10§ odres aoepns Ay Ajuo punyaq duiaea) 11910 01 spuddse apaIyaA SINUI Y, "3[ONYIA Ju0sBIUISIP aTeIs S[3uls € sk suonouny
13PUE] Iy} SN0 pauuku 3Y) 10,] “[|34S0I38 I Jo asn 9 3undaoxa ases oFres swupy ) 0} [BOAUIPY 5§ 58D 0T8I JEUNT S|,
"UMOPYONO) [BUL) PUB JA0Y O} JUIISIP [BUFILIS) 9piaaud duore sauidua ay yoym 1oy ‘W3yam umo st woxy 3jo sdorp axeiq ayy
ihun sauidua asayy Aq papiaosd s; duryeiq Eiuswoiddag “sicop e1q ) yInonp papuarxa ame sauyduo ¢ a1 Jo s3fzzou Iy Iseyd
dupyeiqoise siyp y3nonp Kem ey - AP 1u2253p 3 Jo Kjuofew ayy 10 110 oy SAIBIIIIP |[3Y$0IR ) C°/, B SUCISSTU ST ) 1O

“Audeded uoy ¢ nay o1 paypy ore sjuel §1 31qissod are 031ed oeyms jo suoy £T YIm qed 1uddse 1reun- parojid (9) uumjor)

“Aidedes wnuixew uoy [¢ oy e om $)uel 3y J1 3jqissod are asepms ap o) suoy ¢ :03rwd reun :(g) uumpo;)

(g 5.€/7) pannbar yuegadoid suo " 1T £uo :syue) papeoj jjo safidwi 3o8pINS Y1 0) SU0) 0¢ ‘0312 reuny : () uumjor

"3de1s uowwod oY) Joj syuel 3y Juszis 10§ Anoedes ay se paroajas tdoxd ) ¢ sannbar :mis Kep o im paropd SR .(£) uumpo)

23015 uoysindoud uounuos ays Sunioys dnou§ ay
wo4f 11 uipnpoxa snyy *Kioedes peoj 19s yuer 99ers uounuos Y 24040 sy yoyym ‘doxd ase 29 o59p [e10) SUOY £¢ sannbai Jsuemorqe

Jjoj10q 1eaf | pue ‘o3red jo 3y go¢ ‘(9 Jo mamw) qed Juddse ) g ‘I1Yyso1a. 3 ¢*/ :Keis xwaf | s paiopd srepy :(z) uumjoy)
" (104 Yuel jo p/1) doid jo suoy §°g £juo sannbas 22eyINS Y} 01 03182 1 OE 79 [|2Ys0IoR ) ¢/ :0Fred SIR|N o(]) uumpo)

"Heyo 3uimorjoj
 uo suwaleIs WY3jam Arewnuns udA1d sa|o1yaA 9 Iyl 10j uonduUISIP JoLIq ¥ SB IAIIS lim susarmos Juimoyjoy ayy ) ¢y
Jo Wd1am wduy o3eis L1071 € paonpoid yas Juey/auidua oyi 0) ousmoje YImoid ssew pue §39] Bugpue] ‘armonns suresy ‘sim Quj|
wepjadoad ‘§HA ‘spidIYs 10313us ‘uonejnsUT Yue) 3uppy "wnwyxeu uoy [¢ oy pjoy 0y P3ZIS PUB PIJIIYIS AIIM SHUB) IIZIPIXO ¢
ljews pue “jue) janj 33rej auQ 'Pa1ro3as a1am (7 p=dsj) sauidua oyuadohio pasueape Jq| jog 2141 ‘9’| Jo M/L & dpraoud of, ased
S1y1 10§ Aressaoou sem su0) ¢ Jo peof wejjadord 91uadoL1o fe10) y “omm Keis soeyms Kep 0€ ® Yum uoissiur 19pue) srepy pajopd
3y} uo paseq 23els LIUY UCLIWIOD Y} IZIS O) IPEW SBM uoIs1oap Jyi ‘udisop Areupuryjaud sy 104 “somuos patofid ap jo ased ap
ui own Keis 30BJINS 10§ SIDUBMO[|R }jO[10q Ipnpoul yoym speof wejjadord §OY pue SN 3 Yoq 1oy PA2J3s s8 9715 NIy puw
SAUE JO Jaqlunu 5 Jo uonouny e osfe sy 1y3yam usug "uoddns 1snw yoea ey peoj oy Jo uonounj B I8 YoM Jo yioq “ydom
33| 3uipue| pue swely jeinonns adels Y apnjoul s1ojeurered weuodwy 19410 ‘uidrew 100 swFus e Yum saseyd Suipuaose
pue 3uipuej o noy3noiy 9'y Ajarewnyxosdde jo oner M/L 2yaA wnwiuny 8 apyaoid o) yuswannbar uoispdosd ay Juiaq
asay) Juouse 1sowalo) ‘siuswannbal [eIaAs jo uondunj ¥ 5§ 1Y3[am LU I[OIYIA Y|, SIINYIA |[8 10§ feonuapi adeis uosyndoid
919jdwod aip dady 01 sem uouawd udisop Lrwwud ayy, '90BJINS 3Y) woy puk 0) 03red pue juuosiad Suikues apdyaa paopd
€ ST JO ‘JaLLed 0dIed pauuewun ue se 194119 Aeiado pjnod 183 JOpUR] JRUNTY/SIEJN UOWIWIOD B UZISIP O) SBM AIIY 9A1O3[qO Iy,

TAMIIPIYT IDIINZY IO IVPTAT ENNATYSEENN O

) ) ,v

283

D615-10026-6



yuejq 3§93 Ajjeuopudjuy aded sy,

D615-10026-6

284



06425 L0/PAVINAVILS/

285

(¢ B | suwmjod uy syuvs papooj ffo) ppoj dosd yuvy ‘pvoj 08.D3 *s3yD1QOL3D U} ISISU0D SIIUIII[fip
135 YUD1 SIY B SJW ‘24monas ‘s8ua [popuapy :8i1s uoisindo.d uounuod p 3uisn £q pasipal sy sajo1Yaa $S0400 Anjpuounuo))
(p uwm)oa ug sp papooj ffo 10u) Inf 24 SYUD] |D UIYM SISDI JDUN] IS3Y) 10§ ppo} 0842 IDLiNS WNIXDW xx
: £juo uonvmavl ffojioq upjjadod 8is oy 40f :auins Aoig
anpows qoy Lins 0§ 13fsup.) AIDIPIUAU] ‘9 JO M31D .pIUUD

Q
=
=
LT9L9 01st8 2096S LTTES 01809 STLYS m e L m
z
v16 886 SOL 12%:1 121¢ POLIT doid §OY x
LLTVT 9z 10¢ 2081T €1LL 8816 cTI8 doid 9s3q g 3
€61L B/u B/u 68E€T 10087 B doid osy a8
000£T#x* 000S b 0000t 00¢ 00S 0000¢ o31e) Jng g
e/u e/u efu 00SL 00SL 00SL [[9Ys01dy & m
96¢ L* 96¢ L+ 96€Lx 96€L* 9698 96t Lx suout 31§ g A
Lv8Y 0 0 Ly8Y Ly8Y 0 qed JUSY £
syuout 9 pju Dju sAop o€ s€op ¢of¢ p/u aun £o1§ m
(815 218uis)  (Kjuo Isap) (Kjuo asap) (815 2j8uss) (3is 218uss) (Kjuo asap) &
pouuvp 084p) 084p) pauuvpy pauuvp 084v) likliiel ps |
Jeuny Jeun-y Jeun‘y SJeA SIeAl SJIeN

S/ CE ISD ‘S §E ISP [ ADuUNT ‘Sjul §§ ISV Sy 00 [ I5ap SDW AP SOA
aaisindoad Jqp :4pun’y ‘U203 aa1spndoad yp ayp1qo.av ‘2.4mdpIoov (SIDW (pauuvwun) siapupj 0310)
Jans uo 1) 08402 apun] ‘avfins uo 1f2] $83) Suipuv) 3 03403 ‘||9YS04ID SIDW (315 a18u1s) saporyaa paropid
¢/ p=ds] doad ofud J1v ‘000T AP 253P ‘00IC ‘AP ISD DUy ‘61£S AP I8V ‘ELL AP |ndoad dsap SIDW

ONITFOT SWALSAS 3IVdS
SUOISII A PIUUBA] pue 0348)) TUAID A3ONYVAQY

JUIUIAIR)S SSBIA JOPURT SJRJA[/Jeun ] Uuouuoy)
) ) )




"s1daou00 surjaseq woiy axmiedap e osye ‘udisap aporyaa audua-yds e Jo ‘peojLed jo pandwa
Suify} s aporyaa ap uaym Anqiqeded no-aurdus Jo oe[ Ay {(oUEUdIS youne| ayeiqosde ayl uo Suipuadap
panuif Ajreonud K|qissod) mou nun dn psurjaseq uey) sayeiqoiae Jadre] :surajqord noyim si suonnjos ay
Jo SUON "AHW/ATT a4} 10] udisap yorls a3eis-oj3uis o) YPim SIBJA 18 SuIyeIqOIdR I[IOU0IAT 0} PILYNUIP!
suondo xis ayl Jo aAly 3uissaippe ‘suonestjdun uoneindyuod 1Y pue ‘suonnjos [enuajod are umoysg

suond() uoneInsyuo)) IPIYIA SJIB\/IBUNT UOWIWO))

286

D615-10026-6



064SL0/PSNAVILS) o
(" N
pannba .
eIQOIIE Wi GE o _,_'\m_ 2 L £
peoj£ed noym — TS
mo-ouiduo oy . | VIMM Lo >
a_ y
pasinbax
feIqoise W GE o« N 4 ™
9|qeuonsanb pannbai
asn 1eunj Ajreyg o OYRIQOISB W [ o 0
pnoIys w gy as() DN A punoys 3
JUIBIISUOD PROIYS \\\ X7z | uonosjond jeuney 3
1oune| ui 9°; Xejoy e Z \l\\ opisdojasny « A
T A
| \— J 4
pannbas
( 9YBIQOIOR W ()
pannbas somBua p . .
N0-3uj3u 10j _
Jjo-nys 8uysoddQ . &
i Y JUIRIISUOD JASN|D pannba ( \
\ ) oUI3ud [RNUIO XB[IY «  IRIQOIOB WI () o \_ )
— e ~
\— J A ‘ V L _
ONITFOT SHALSAS 2IVdS
suondQ uoneandyuo) wai> asowvaay ()

AN A S.IRJA/IBUNT UOWWIO)) & .

) ) )



‘yoeordde ajqiseaj isows ay) ssasse A[jenioe o) |aA3] Jouij & 0) pansind aq 0) aAey [jIm Iel)
onssy ue si Ajjeuownuo) ‘suoissiw Juyfiea 10y pajquoasse o1 yorym ,sied-jo-1ry, e dojorsp 0
olqissod aq Aew 1| "JoAd] swRISAsqns dy) 1B UIIS 3q ‘19AIMOY ‘Ued L)jjeuowwio]) °SIYBIQOISE pue
SOJOIoA Jajsuel) ‘(Jisuel) pue adejins) swAISAs qeYy JO L)) puoOWMOIuUN 2DI0] PINOD K)BUOWIWIOD
1opue} 3updioy  swidjqoid JuANdYIIp £I9A OM) SIB SIBJN puB UOO oY) 95NBIAG dwes oYl A]19Dx2 om
1By} SOOIYSA UBIW 0] JABY JOU S0P OS[e A)J[BUOWIWO)) ‘MO[3q PIUI[INO JJB PUB ‘OWOIN0 YY) I8
s1010e) Kuepy -9A[os 03 anssp djduns ‘ up pup md, ® j0u SI AN[BUOWILIOD B} MOYS SUOISN|OUOD I,

suoisnpuo) Lieuymjaag pajepdn
Anjeuowwio) IPIYIA  UOISINIXY  SIBJJ/TBUNY

288

D615-10026-6



@

ONIIOE

0643S£0/°PS/NAVILS/.

S3[OIYIA ssejd Jade| ay) 10j deudordde
a1ow £1qqoud sy (SOV ‘SOTUCIAR ‘SUSTURYOIW ‘SauSud) Anjeuounuiod waysAsqng

3SBD MIID JRUN| ) Uf 038D ) €T --- UOO 9f) 0) 03180 § G K] pInod (3 1€) syue) ueyjadoid jjng

A13A119p 08160 Siepy 29 TRUN| JOJ PIpROIJO SAI[J 1dIUOD AT UOWIOD 3N |,

1 Yyuom aq Jou
Apw $1500 asoym ‘saruonrd mau sao10J ssepo peojded - 1 ¢ sy ur ANjeUOUIWIOD IPIYIA

sased Jupyesqosae oy uo syedu jeran-uou saey sawnjoa peojled oa3rey

9[qIseay aq paspul Avw
(uauissasse A[1ed In0) , A JIA-TUTW,, SY) JO (IS 3t 18 AN[RUOUNUOD I[IIYIA

(reaf | 2) soum Kejs Suoj
10§ uondwnsse JUBHIUWIOP B $3W003q (uonjeraduyar 1o Jjojioq) juswadeuew o1uadolin)

ased Aue uy pede sreak wBaq
Aews pue ‘GunyeIqoIdaL JO 3SNBISQ UOWIOD KUAIINUL JOU 24D SISBD SIBJA PUR Jeun| 3y |,

9]qisesj 1souws si L)yjeuounuiod Jo 3dA yoea YoM UM SIFURI 9QISUIS ‘PIAITWI| I8 U3,

$3191Y34 2.411u3 0) 10 swidisAsqns 0y Kjdde ues , Ayjeuounuo),,

A)euowuio)) IPIYI A UOISINIXT IRy Jeuny <

)

SWALSAS AOVdS

suoisnpuo)) Areurunp.ag pajyepdn TIAID AFONYATY

283

D615-10026-6

)

S



-Ku1es 0y Koy st yoea speojhed

ay) Jo armjeu oyoads Ay pue ‘aamoANYdIe uoneodsuen [[BISA0 ) Ul J3pUR] AR JO 3[OI 3 (PIYLE[D
2q 1SN SONSSI [ENIXIUOD [EDIILID ‘PIjuUBLIEA ST AN[BUOWILIOD JOIYIA-I[OYM UNBPUBI UOISIDIP B A0Jof

*SUONANIP JUAIRYJIP Ul pua) aoefd yaea 10§ suisap SAYDIY2A [[era40 fewndo
Jel) SIB[\ PUE UOOW 91 J0J YSnoud JUSISJJIP 31k SUONIPUOD onweukponse diseq °[HS Ul Anjeuowruiod
JO uONOuUNj Y} JO JUSWISSISSEA B AUl uoneSnsoAul Ajjjeuowwiod AFW/AHT 3 JO sINSat 3y,

sduipuiy Aypeuomwio) AJIN/AAT

290

D615-10026-6



291

0610%0/SYWIVILS

JUIdJIp Ajjenue)sqns 3q Aeur 031ed SIBIA] pUE JBUnj dIJSI[RIY
{uoneIa31LIJal1 10 Jjo[iog e
{A[uo 1apue| uoISINOX9 10 Aisdwe))

Jajoureded [edn)Lad € st duiny ejg

JUISIIAIP
3 os[e Aewl SHUIUWAIINDIX UOISSIW IIRJINS SIBJA] pUE JBUN']

D615-10026-6

S9seO FuIyeIqorae ay) uo sjoeduwl [BIALII-UOU 9ARY SoWN|OA peojAed ad1e] .
(AJuo s1ep) syureajsuod unfeiqoIdy
(aseo maro ur 3 ¢7) 0SIed yeun| 3 Gy puel pjnod (3 1€) syuel [jng e
AIQAT[Op 0318D SIBJA 29 JTeun| I0J Papeo}Jo Sa1fJ 1doouod A UOWWO0D Y], »
(Z Jo 10108)) [9A9] AyAaead Suri(

JUIBIAAIP A[qededsaul dae sjuduRIINbIIL AN PUR AT'T

GNITOE mxm:msm J0ovds
S;B dAINVAQY

ssuipury] Ajeuowtwio) AYN/AAT
) )



‘yajew & pood os ur Jnsar jou saop afues Jopue| SIBW ,,9ZIS-[[NJ,, Y Ul AN[LUOUILIOD S[IIYIA
10J SuiAL(q -1a1jIed pazAjeue AJW-lulw 3 Jo I[eds A e Kjuo sjuawannbar jo uonoejsnes JudldIJo
Ajjear u yynsax 03 sieadde Anjeuouruiod I[OIYIA-ajoym Inq ‘asiwiord MOYS 0] SINUNUOD S[IAI] WASAsqns
pue wAlsAs ayy e Lyfeuouwrwo)) “Ayjeuowniod AHIN/AGT Suipiedar sUOISN[OUOD JISBq Y} I8 UMOYS

suoisnpuo) Ayjeuowwio) AGN/AAT

292

D615-10026-6



06V090/SA/INTVILS/

SIIIYIA sSe|d a13daef 3y) 10j djeridoadde o saeadde
(syue) sdeyaad ‘§OHV ‘SanNpowr SOTUOIAR ‘SWSTURYIIW
‘SaUIdud ‘sqed Maud) )[euowIwod URYSASqNS pue wISAS

AemAiue
yrede saeak wmidaq Aewn sjysiyy A9 SICJA pue Jeun’y

N yjom
9q Jou Avut $)S0J IsoYMm ‘saniiorad uoneansijuod Mau
$3040j ssepd peojded ) ¢ Ay ul Ayjeuowruiod AHN/AAT

JIIIed PIISadans se Q[qIsedj 9q padpur Avw
wAHIA-IUTW , 3y} JO 3[eIS Y] J& ANBUOWLIOD AIIYIA

Q)\\.Whh SHWALSAS IVdS

suoIsnpPuo)) Ljjeuowrwio)) AAIN/AAT TAID GHINVAQY
< A
)

) )

293

D615-10026-6



"[9A3] widsAs ayy 3k uayyo Isow YInoyie yuasedde sy Lyjeuownuiod
[enuajod jo 9a183p y3iy y

*,2IN103YdIe Y} $50108, SHUdWANA S Joy djenndordde Anpeuourwos
Jo 2d£y ayy noqe WHVOLS woly 3papmouy| Jo els Juaund ) sajensdesus YoIym Xujeuw e si UmMoys

JURUISSASSY Lyjeuomtmo)) WAVILS

254

D615-10026-6



IUON X Adojouyny () juduodumo) © uRisiqng @  jusudfy M) TE[AUIIX ] w2600/ VWAV IS/

nns

WO}V

JeNqey I8ie]

2000
SN
slluk
S
Soe e
[lelete

Jellqeq [jews

SUIASAS MaI)

sanpnIIS

[04ju0)) [BwIIAY ],

sapoqoy

SOJUOJAY

suopedjunuwo))

JamoJ duydaayasnoyy

Jamog A ndoag

EFTATTNEY Y

«|x|xele|goelole)
22 |Ixslaeoss
200 |a]ol]oa
x|xxo/doass ece
adxxeeqa@&
||| sele|d |loelo
90/x/x/0[g00eo Mea%
xixxx| | [doa(|||

uoisindoad SOV

uoysindolj ajel

 SUIASAS PIYIA

AUAON

UOJSINIXY SIBIA

JOJSUeI], A6

X XXX

UoISINIXy Jeun'|

QOXIX

X

s |d|lole
x | x|x|x|x
o | |xelx
| lgx(x@
2 |2xxe|
x |xx(x||

J3jsuel], jean|

SIPIYIA

295

D615-10026-6

PVENG  uoisimOXy JIYSuel], peNG  uolsindxy wjsues], sdQ QA1 4SS
SJBIA SIBIA| SIe\ Jeung Jeun| Jeuny I4S

e JUdUISSASSY Ajijeuowrwio)) WHVI.LS
) )

SHWALSAS A0VdS
TIAID AIONVAGY

ANWMV




yuejq 3j3] Ljjeuopuajuj aded sy,

296

D615-10026-6



B. Small/Medium/Large Scale Evolution
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V. Commonality/Evolution

B. Program Scale Evolution - The lunar programs are classified into three scales
which utilize the transportation architectures in varying degrees. Each scale has a defined
objective and is limited to accomplishing the goal by varying assumptions. The small
scale scenario is a man-tended scientific outpost. Crews of four will remain on the lunar
surface overnight in a small “campsite”. The medium scale develops a permanent base
for a crew of six. In addition to the scientific nature of the base, lunar oxygen will be
produced by the year 2010. The most ambitious program, the large scale, eventually
leads to permanent settlement. The base continuously grows to accommodate 18 to 24
people by the year 2025. Along with the lunar oxygen plant, industrialization is very
important. Without specifying the type of the product, the industrial capabilities are
equivalent to a 1 GWe Helium-3 plant.

After the program scales were established, a determination on required mass on the surface
was determined along with cargo sizes and volumes for manifesting purposes. Each
program scale’s mass-to-the-surface requirements vary depending on the amount of ISRU,
number of inhabitants, mission durations, and level of industrialization. The mass for the
medium scale program in the first 10 years is almost equivalent to that needed by the large
scale program. The difference is seen in the subsequent 15 years of the two programs.
The medium scale program continues without major modifications to the base or number of
inhabitants while the large scale program is always growing towards permanent settiement
with increasing personnel.

The number of cargo flights must be based upon the mass required by the program scale.
Understanding the crew rotation before scheduling the cargo flights is very important. In
order to build-up the base personnel, some flights will return to the Earth without all 6 crew
members on-board. The small scale program requires 13 flights of cargo and cargo in 21
years to accomplish its goals. The medium scale must have 56 flights and the large scale
requires 113 flights, both within 25 years. The cargo flights are manifested as tandem
LTVs since they are capable of delivering 55 ¢ in one mission. If LOR flights with lunar
oxygen are used, the number of flights increases dramatically. These flights are capable of
delivering 25 t of cargo when the LEV is already in orbit around the Moon, and 15 tif the
LEV is delivered from Earth.

The end product of this analysis was a fairly detailed manifestng analysis. For the small
scale program, the flight rate of 13 flights in 21 years does not indicate the actual number of
ETO launches and tankers that are needed to support the lunar program. For the medium
scale, approximately 700 t of cargo is required on the lunar surface by 2010. After this
date, the tonnage is much less. By the end of the program, 56 flights of cargo and crew
have been made. At the end of the large scale program, more than 7,500 t of cargo is
placed on the lunar surface. Based on the amount of material manufactured at the base, 113
flights are necessary to deliver the remaining cargo and crews. The HLLV (10x30m
shroud) flights are primarily based on the component masses. The aerobrake is volume-
limited and thus a separate flight. The LTV is designed to be launched intact in one flight.
The “campsite” and its associated LTV are also launched in a single flight. The propellant
is launched separately and is ransferred to the LTVs while in LEO.
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